Several agricultural by-products are responsible for serious problems of pollution or the accumulation of toxic compounds throughout the Sudan-Sahelian area and particularly in Senegal. Because of their toxicity and low biodegradability, aromatic compounds are major players in these environmental problems. Of these by-products, shea cake is a waste material generated during the production of shea butter. Shea butter is extracted from the almond of Vitellaria paradoxa C. F. Gaertn. Shea cake, a by-product of shea butter, is essentially used in cosmetology and represents a solid waste produced by agrifood industries in many countries of West Africa (Yé et al., 2007) .
Physiological analysis on shea cake has demonstrated its utility in food processing (Yé et al., 2007) . Phenolic compounds and anti-methanogenic properties of shea cake
have not yet been fully prospected. However, shea cake can potentially be used as an ingredient in livestock feed because of its richness in energy and proteins, but also for its capacity to eliminate the methanogen enteric bacteria (Bhatta et al., 2012) .
In view of the above, an investigation was conducted to isolate, from shea cake, bacteria that could detoxify shea cake for the valorization of this by-product.
In this paper, we report on the isolation and characterization of a novel strictly anaerobic, endosporeforming bacterium, obtained from shea cake, and its description as a representative of a novel species of a new genus, Mobilisporobacter gen. nov.
The shea butter manufacturing process generates much waste, which is deposited in the environment in Saraya, Senegal. Several samples were collected at several locations in this region where shea cake is rejected. Gal1 T was isolated from one of these samples by using enrichment techniques as described by Mechichi et al. (1999) .
A basal medium used for enrichment, isolation and cultivation was prepared using the anaerobic techniques described by Hungate (1969) , and modified for use with syringes (Macy et al., 1972; Miller & Wolin, 1974 (Widdel & Pfennig, 1981) , 1 ml; and 1 ml of 0.1 % resazurin. The pH was adjusted to pH 7.0 with 10 M KOH solution, and the medium boiled under a stream of O 2 -free N 2 gas and cooled at room temperature; 5 ml aliquots were dispensed into Hungate tubes under N 2 /CO 2 (80 : 20, v/v) and subsequently sterilized by autoclaving at 110 8C for 45 min. Prior to use, 0.2 ml 10 % (w/v) NaHCO 3 and 0.2 ml 2 % (w/v) Na 2 S . 9H 2 O were injected from sterile stock solutions into pre-sterilized basal medium.
A sample of 15 mg of shea cake was used to inoculate 5 ml of basal medium and incubated at 37 8C. For isolation purposes, the third generation of subcultured cells was serially diluted tenfold in the liquid medium. Each dilution was used to inoculate roll tubes, and single well-isolated colonies were picked up and serially diluted in fresh medium. The procedure was repeated until only one type of colony was observed. Purity was checked by microscopic examination of cultures grown in basal medium containing yeast extract. The last positive growth dilution showing single cell morphology was kept for further studies.
Physiologically optimal growth conditions were determined in duplicate experiments conducted in basal medium containing yeast extract (0.1 g l
21
) and glucose (20 mM). For pH growth experiments, the culture medium was adjusted to the desired pH using anaerobically prepared stock solutions of NaHCO 3 (10 %) or Na 2 CO 3 (2 %). The temperature range for growth was determined using the same medium adjusted to the optimum growth pH. For studies of NaCl requirements, NaCl was weighed directly into the tubes at concentrations ranging from 0 to 40 g l 21 before dispensing basal medium without NaCl followed by autoclaving. The tubes were incubated at 30 8C. Growth was measured by inserting tubes directly into a model Cary 50 Scan spectrophotometer (Varian) and measuring the OD 580 .
Substrate utilization tests were carried out at 30 8C and an initial pH of 7.0, using the basal medium of Mechichi et al. (1999) . Substrate utilization was determined using an 1100 chromatograph with a UV Detector (Hewlett Packard). Separation was achieved using a C 18 -Symmetry (4.66100 mm, 3.5 mm particle size) column (Waters Chromatography).
Substrates tested were mannose, mannitol, cellobiose, arabinose, fructose, glucose, sucrose, raffinose, lactose, trehalose, sorbose, adonitol, methanol, succinate, butyrate, lactate and butane 1,2-diol. All substrates were examined at a final concentration of 20 mM.
Genomic DNA was extracted according to the protocol described for the Wizard Genomic DNA purification kit (Promega). 16S rRNA genes were amplified by using primers Fd1 (59-AGAGTTTGATCCTGGCTCAG-39) and Rd1 (59-AAGGAGGTGATCCAGCC-39). Reference sequences were obtained from the Ribosomal Database Project II (Maidak et al., 2001) and GenBank databases (Benson et al., 1999) . The nucleotide sequence and the reference sequences were aligned using MUSCLE software (Edgar, 2004) . The alignment obtained was edited in BioEdit (Hall, 1999) sequence alignment editor software and was corrected manually for errors. Pairwise evolutionary distances based on 1306 unambiguous nucleotides were computed by the Jukes & Cantor (1969) method. The phylogenetic tree, reconstructed with the TREECON program using the neighbour-joining method (Saitou & Nei, 1987) , is shown in Fig. 1 . The topology of the phylogenetic tree was also assessed by using the maximum-parsimony and maximum-likelihood algorithms (Tamura et al., 2013) .
The fatty acid composition of strain Gal1
T was determined at the Identification Service of the DSMZ (Deutsche Sammlung von Mikroorganismen und Zellkulturen, Braunschweig, Germany) using 2610 ml of liquid culture (Sasser, 1990) . The cellular fatty acid composition of strain Gal1
T was determined on the same basal medium to which yeast extract was added (0.5 %), and cultures of strain Gal1
T were stopped at the end of exponential phase and sent to the DSMZ for fatty acid analysis. Fatty acids were extracted using the method of Miller (1982) , with the modifications of Kuykendall et al. (1988) , and the profile of cellular fatty acids was analysed by gas chromatography using the Microbial Identification System (MIDI; method: TSBA40).
Enrichment cultures incubated for 3 weeks showed substantial bacterial activity. Cultures with positive growth were assessed visually by turbidity. After several transfers in the same liquid medium, the enrichment cultures developed a stable microbial population. Several isolates were obtained after three successive serially diluted subcultures using the roll-tube method (Hungate, 1969) and single isolated colonies were selected from different enrichments obtained from different biotopes containing shea cake. Three of them were inventoried and finally named Gal1
T , Gal1p and Gal1t. Strain Gal1 T was chosen for further studies.
The cells of strain Gal1
T were strictly anaerobic, slightly curved rods 0.2-0.4 mm wide and 2-4 mm long, and occurred singly or in pairs. The cells were motile with peritrichous flagella. Strain Gal1
T stained Gram-positive, with terminal to subterminal spores that appeared mainly in old cultures. Electron microscopy of strain Gal1
T showed a thick, multi-layered, typical Gram-positive-type cell wall structure. An ultrathin section of strain Gal1
T showed a thinly stratified and slightly crenated structure (Fig. 2) .
Strain Gal1
T was strictly anaerobic and mesophilic. No growth was observed below 15 8C or above 45 8C. Optimal growth occurred at 30 8C. Growth was observed from pH 6.5 to 9.3, with optimal growth at pH 7.8. Yeast extract was required for growth. Strain Gal1
T was oxidase-negative and catalase-negative. Indole was not produced; aesculin and gelatin were not hydrolysed. The following compounds were used: mannose, mannitol, arabinose, cellobiose, fructose, glucose, maltose, sucrose, trehalose and lactose. Several other substrates did not support growth: sorbose, adonitol, acetate, formate, butyrate, succinate, lactate, methanol and butane-1,2-diol. The major end-products from sugar utilization were ethanol and acetate.
The DNA G+C content determined by the Identification Service of the DSMZ was 33.8 mol%, based on the method of Mesbah et al., (1989 T and the closest phylogenetic relative strains are shown in Fig. 1 , where Ruminococcus flavefaciens ATCC 19208
T was used as an outgroup.
T differed morphologically and physiologically from the phylogenetically closest strains representing species with validly published names (Table 1) . First, strain Gal1
T was a slightly curved rod, which differed from the closest relatives. In addition, strain Gal1
T grew between 15 and 45 8C with an optimum of 30 8C whereas the closest relative, Mobilitalea sibirica, had 37 8C as an optimum temperature for growth with a temperature range from 25 8C to 47 8C. Optimum pH for growth was slightly alkaline being pH 7.8 for strain Gal1
T , but it was neutrophilic with an optimum pH of 7.0-7.5 for the four nearest relatives. Also, strain Gal1
T grew in the presence of 0 to 3.5 % NaCl whereas Mobilitalea sibirica grew with up to 8.5 %. NaCl range was not reported for strains of C. populeti, but strain Gal1
T grew with a NaCl optimum of 1 % instead of an optimum at 1.5 % as for Mobilitalea sibirica or 0.5 % as for A. mobilis.
T also showed differences from the four most closely related species in being fermentative and degrading more various carbohydrates and sugars comprising mannose, mannitol, cellobiose, arabinose, fructose, glucose, sucrose, maltose, lactose and trehalose. Moreover, strain Mobilitalea sibirica DSM 26468 T differed from Gal1 T by its incapacity to use mannitol, arabinose, fructose, sucrose and lactose. Contrarily, strain A. mobilis DSM 15930 T differed from Gal1
T by its inability to use two substrates (mannitol and trehalose), whereas C. populeti ATCC 35295 T and C. aminovalericum were unable to grow on three substrates (mannose, lactose and trehalose).
The DNA G+C content determined by the Identification Service of the DSMZ was 33.8 mol%, based on the method of Mesbah et al. (1989) . This value is approximately the same as that of Mobilitalea sibirica DSM 26468 T , but it differs significantly from those of A. mobilis DSM 15930 T and The only major cellular fatty acid was C16 : 0 (19.6 %) and the two main minor cellular fatty acids were C14 : 0 (9.2 %) and C18 : 1v7c (5.8 %) (Table 2 ). Strain Gal1 T was different from Mobilitalea sibirica DSM 26468 T in its cellular fatty acid profile. Both strains Gal1
T and Mobilitalea sibirica had C16 : 0 as a major cellular fatty acid, but Mobilitalea sibirica contained a high amount (30.5 %) whereas Gal1
T had 19.6 %. They also differed in the proportion of C14 : 0, which was 9.2 % for Gal1 T and 5.9 % for Mobilitalea sibirica.
Finally, based on the phenotypic, phylogenetic and genetic differences observed between strain Gal1
T and the most closely related species, Mobilitalea sibirica, which is a member of the family Lachnospiraceae (see Table 1 ), we propose the classification of the newly isolated strains as representatives of a novel species of the new genus Mobilisporobacter, and propose the name Mobilisporobacter senegalensis gen. nov., sp. nov.
Description of Mobilisporobacter gen. nov.
Mobilisporobacter (Mo.bi.li.spo.ro.bac9ter. L. adj. mobilis mobile; L. fem. Gr. n. spora a seed and, in biology, a spore; N.L. masc. n. bacter a rod; N.L. masc. n. Mobilisporobacter a motile, spore-forming, rod-shaped bacterium).
Gram-positive staining, endospore-forming, strictly anaerobic bacterium. Motile by means of peritrichous flagella. Various sugars, including glucose are fermented. The major end-products from glucose are ethanol and acetate. Oxidase and catalase are negative. Indole is not produced. Aesculin and gelatin are not hydrolysed. The type species is Mobilisporobacter senegalensis.
Description of Mobilisporobacter senegalensis sp. nov.
Mobilisporobacter senegalensis (se.ne.gal.en9sis N.L. masc. adj. senegalensis named after Senegal from where the sample of shea cake used for isolation originated).
Slightly curved rod-shaped cells, 0.220.4 mm wide and 224 mm long, occuring singly or in pairs. pH range for growth: pH 6.5-9.3, optimum at pH 7.8. Temperature range for growth: 15-45 uC, optimum at 30 uC. NaCl range for growth: 0-3.5 %, optimum at 1 %. Ferments a variety of carbohydrates (mannose, mannitol, cellobiose, arabinose, fructose, glucose, sucrose, maltose, lactose, trehalose). The only major cellular fatty acid is C16 : 0.
The type strain is Gal1 T (5DSM 26537 T 5JCM 18753 T ). Isolated from shea cake originating from Senegal. The G+C content of the DNA of the type strain is 33.8 mol%. Mobilisporobacter senegalensis sp. nov.,
